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Direct molecular mass determination of the three porcine neurofilament proteins (H, M and L) was 
performed in 6 M guanidine-HCI using analytical gel filtration and sedimentation equilibrium centri- 
fugation. The results show that SDS-PAGE strongly overestimates the values of the ‘higher molecular 
mass’ components H and M. This discrepancy stems from the carboxyterminal extensions known to have 
unusual amino acid composition. 
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1. INTRODUCTION 
Mammalian neurofilaments consist of 3 distinct 
polypeptides whose molecular masses have only 
been analyzed by SDS-PAGE (see, for instance, 
[l-5]). In continuation of previous suggestions 
these triplet proteins can be called L(ow), M(iddle) 
and H(igh) and have for porcine neurofilaments 
been given values of 68-72 kDa (L), 140-160 kDa 
(M) and 200-220 kDa (H). Much emphasis has 
been put on the accuracy of these determinations 
(see, for instance, [ 11) and species-specific hanges 
of these apparent molecular masses have been 
reported particularly for M and H [4,5]. Whereas 
L was recognized early on as an intermediate fila- 
ment protein by partial amino acid sequence data 
[3,6] and in vitro polymerization properties [7,8], 
the possible interrelation of H, M and L remained 
obscure until the properties of subdomains isola- 
table from mildly proteolyzed material were 
studied [l-3]. Our current view of H and M is that 
of polyproteins which harbor in their aminoter- 
minal part the sequence information of non-epi- 
thelial intermediate filament proteins and display 
additional domains in the carboxyterminal part 
[3]. The latter domains increase in length upon 
transition from L to M or H. Since non-epithelial 
intermediate filament proteins present outside 
neurones have molecular masses between 51 and 
54 kDa the unusually high values of H and M have 
posed a special problem, which we have analyzed 
here by direct physical-chemical methods. 
2. MATERIALS AND METHODS 
Neurofilament triplet proteins were from por- 
cine spinal cord [3,7]. The carboxyterminal tail- 
piece domains of H and M were obtained by 
limited chymotryptic digestion and purified by 
chromatography on DEAE-cellulose in the 
presence of urea (for documentation see [3,7]). 
Proteins concentrated by ethanol precipitation 
(70%) were dissolved in the guanidine-HCl buf- 
fers and extensively dialyzed against hese solvents. 
Gel filtration was on Sephacryl S-400 and S-300 
(Pharmacia). Protein elution was monitored by 
trichloroacetic acid precipitation or SDS-PAGE. 
Alternatively proteins were labelled either by rz51 
or by the fluorescent reagent fluoresceine isothio- 
cyanate [9]. Standards were from Boehringer with 
the exception of RNA-polymerase from Escher- 
ichia coli, which was kindly provided by Dr C. 
Biebricher. Sedimentation equilibrium centrifuga- 
tion at 0.6-l .5 mg/ml protein was performed in a 
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Spinco Beckman centrifuge using the meniscus 
depletion method [lo]. 
3. RESULTS AND DISCUSSION 
Fig. 1 shows the standardized elution profiles for 
Sephacryl S-400 and S-300 when 6 M guanidine- 
HCl was used at room temperature in 0.02 M 
Tris-HCl buffer (pH 7) in the presence of 0.1 M 
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2-mercaptoethanol. The particular molecular mass 
plot chosen was introduced in [9]. Elution profiles 
were highly reproducible. Apparent molecular 
masses deduced are 60 f 4 kDa for L (two ex- 
periments), 106 f 5 kDa for M (3 experiments) and 
138 + 5 kDa for H (5 experiments). In addition we 
characterized the carboxyterminal tailpiece of H 
and M with 107 and 63 kDa, respectively. The 
combined results are summarized in table 1. 
Direct molecular mass determinations using 
sedimentation equilibrium centrifugation under 
meniscus depletion conditions were performed at 
20°C in 6 M guanidine-HCl (20 mM Tris-HCl, 
pH 7.8, 1 mM dithiothreitol, 1 mM phenylmethyl- 
sulfonylfluoride and 1 mM NaN3). Fig.2 gives ex- 
amples for the molecular mass of the triplet pro- 
teins from 3 experiments performed at different 
protein concentrations. Apparent partial specific 
volumes were calculated from the known amino 
acid composition [3] correcting for guanidine-HCI 
binding as in [l 11. The resulting values in ml/g 
- 
Fig. 1. Gel filtration on Sephacryl S-400 (A) and 
Sephacryl S-300 (B) in 6 M guanidine-HCl, 0.02 M 
Tris-HCI (pH 7) and 0.1 M 2-mercaptoethanol. The 
plot shows the cubic root of the distribution coefficient 
& as a function of the molecular mass (MW) to the 
0.555 power as in [9]. Triplet proteins are H and M in 
(A) and L in (B). Standards in (A) are ,@‘-chains of 
Escherichia coli RNA polymerase (1; 155 kDa), fl- 
galactosidase from E. coli (2; 116 kDa), phosphorylase 
b (3; 93 kDa), bovine serum albumin (4; 68 kDa), actin 
(5; 43 kDa) and aldolase (6; 40 kDa). Standards l-3 of 
(B) are 3,4 and 6 in (A). Additional standards in (B) are 
chymotrypsinogen (4; 26 kDa) and ribonuclease (5; 
14 kDa). 
Table 1 
Molecular masses in kDa of the three mammalian neurofilament proteins and their 
carboxyterminal domain 
Protein SDS-PAGEa Gel filtra- Sedimenta- Proposed 
tion tion value 
H 200-205 138 112 - 110-140 
H tailpiece 150-170 107 73 
M 145-160 106 108 - 107 
M tailpiece 100-120 63 
L 68- 72 60 63 62 
a Values are from [l-8] 
82 
Volume 170, number 1 FEBS LETTERS May 1984 
were 0.727, 0.746 and 0.749 for L, M and H, 
respectively. Using these values apparent mole- 
cular masses were 63 kDa for L (3 determinations 
I 1 1 I 
,o 0.4 0.0 1.2 1.6 : 
Concentration ( mg/ml ) 
62; 63.5; 65.5), 108 kDa for M (4 determinations 
102; 107; 112; 112) and 112 kDa for H (4 deter- 
minations 103; 110; 110; 113). The carboxyter- 
minal domain of H yielded a value of 73 kDa in 
6 M guanidine-HCl and 63 kDa in 0.05 M Mes 
buffer (pH 6.5), 0.1 M NaCl, 1 mM dithiothreitol, 
in the absence of the denaturant. 
Using gel filtration and ultracentrifugation in 
6 M guanidine-HCl we have shown that SDS- 
PAGE overestimates the molecular masses of the 3 
neurofilament triplet proteins (table 1). This is 
already noticeable with the L polypeptide but be- 
comes extreme for the two high molecular mass 
components M and H. This discrepancy is located 
to the carboxyterminally situated non+-helical do- 
mains (tailpieces) known to have an unusual amino 
acid composition [3] and in the case of H an ex- 
tremely high content of serine phosphate [2,12]. In 
addition these domains are rather acidic [2,3]. 
There are several acidic proteins which, probably 
due to restricted SDS-binding, give too high ap- 
parent molecular masses in SDS-PAGE (see, e.g., 
[13]), although the discrepancies eem not as ex- 
treme as observed for H and M. That the higher 
degree of phosphorylation in the tailpiece of H 
contributes to an overestimate of the molecular 
mass can also be seen by inspections of fig.4 in [2]. 
Enzymatic removal of at least some phosphate 
leads to an increased mobility in SDS-PAGE. 
For L we estimate a polypeptide molecular mass 
around 62 kDa. This value is in line with current 
sequence data covering the aminoterminal 82 and 
carboxyterminal 271 residues [3]. If along the re- 
maining sequence gap L is built like other non- 
epithelial intermediate filament proteins [3,14] the 
total length of L should be around 545 residues 
corresponding to a molecular mass of 62 kDa. 
This value is in excellent agreement with our 
- 
Fig.2. High-speed equilibrium centrifugation of the 
triplet proteins in 6 M guanidine-HCl, 0.02 M 
Tris-HCI (pH 7.8), 1 mM phenylmethylsulfonyl- 
fluoride, 1 mM dithiothreitol using different original 
Protein concentrations [15]. L polypeptide at 0.9 (A), 
1.2 (0) and 1.5 mg/ml ( n ) see (A); M polypeptide at 0.6 
(A), 0.9 (0) and 1.2 mg/ml (m) see (B); H polypeptide 
at 0.9 (A), 1.3 (0) and 0.6 mg/ml (H) see (C). The 
column height was about 4 mm and all experiments were 
performed at 20°C. 
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measurements of 60-63 kDa but significantly 
lower than the 68-72 kDa numbers consistently 
derived from SDS-PAGE [l-5]. 
For the M component there is very good agree- 
ment between the results obtained by gel filtration 
and sedimentation equilibrium centrifugation 
(table 1). Both methods point to a molecular mass 
of about 107 kDa, a value some 3%40% lower 
than the ones derived by SDS-PAGE. M protein 
is thought to resemble a normal non-epithelial in- 
termediate filament protein with a further carbox- 
terminal tail region [3]. Since such filament pro- 
teins usually have molecular masses of 50-54 kDa 
[15] this hypothetical value plus the newly deter- 
mined molecular mass of the tail region account 
for 113-118 kDa in fair agreement with the 
107 kDa found experimentally for M. Thus further 
domains are not to be expected and emerging par- 
tial amino acid sequence data centering on CNBr 
fragments (unpub~ished~ afso favor this prediction. 
The molecular mass of H cannot be predicted as 
clearly. Although both gel filtration and cen- 
trifugation point to values some 30-40% lower 
than SDS-PAGE (table 1) the two procedures in- 
volving 6 M guanidine-HCl reveal some disagree- 
ment. Gel filtration indicates a value around 
138 kDa whereas sedimentation equilibrium cen- 
trifugation points to only 112 kDa. Currently we 
must favor the latter value since gel filtration in 
guanidine-HCl requires the presence of random 
coils for both standard and unknown proteins. 
Given the unusual amino acid composition of the 
carboxyterminal domain of H [3] and its extreme 
phosphate content [2,12] we do not know if the 
random coil requirement is really fulfilled. The lat- 
ter two properties may, however, also influence the 
value for the partial specific volume entering the 
equation to calculate the molecular mass by 
sedimentation equilibrium centrifugation. A value 
of 0.749 ml/g was calculated from the known 
amino acid composition with correction for guani- 
dine-HCl binding but deviations from such 
calculations can occur [ 1 I 1. Thus the H component 
has to be characterized by either a direct deter- 
mination of its partial specific volume or by de- 
tailed amino acid sequence data. Regardless of this 
remaining difficulty all data on H point to a much 
lower molecular mass than indicated by SDS-- 
PAGE and pin the source of the disagreement to 
the carboxyterminal domain known to be very rich 
in glutamic acid and lysine [ 13) and harbor many 
serine phosphates [2,12]. 
Several studies have noticed changes in the ap- 
parent molecular masses particularly of H and M 
when neurofilaments of different vertebrates were 
analyzed by SDS-PAGE [4,5]. Given the results 
described above one wonders whether such 
changes indeed reflect any molecular mass proper- 
ties or whether they arise from certain amino acid 
sequence changes of protein domains not reliably 
analyzable by SDS-PAGE. 
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